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To elucidate the effects of ventricular asynchrony with 
or without myocardial ischemia on the time constant of 
left ventricular pressure decay and asymptote, that is, 
the level to which pressure would decrease if isovolumic 
pressure decrease contiiuled infinitely, left ventriculog-
raphy and pressure measurements were investigated in 
14 normal subjects and 25 patients with coronary artery 
disease. Ventricular asynchrony was quantitated by the 
segmental area-time curve. 
This study consisted of two parts. 1) After It right 
atrial pacing stress test, the time constant and asymptote 
remained unchanged in eight normal subjects. In 18 
patients with coronary artery disease and pacing-
induced angina, asynchrony increased, the time constant 
was prolonged (64 ± 13 to 94 ± 17 IDS, p < 0.01) and 
the asymptote decreased ( - 22 ± 10 to - 46 ± 20 mm 
Hg, p < 0.01) after the pacing. 2) During right ventric-
ular pacing at 80, 100 and 120 beats/min in the patients, 
asynchrony increased and the time constant was pro-
Recently there has been interest in abnormalities of diastolic 
properties of the left ventricle (I), The time constant of left 
ventricular pressure decay during isovolumic relaxation has 
been studied by Weiss et aL (2) and proposed as a useful 
index for evaluating ventricular diastolic function, Many 
investigators have reported pharmacologic and hemody-
namic influences on the rate of relaxation (3-5), Our pre-
vious work with pacing-induced ischemia in human subjects 
indicated that abnormal regional wall motion may piay an 
important role as a cause of prolonged rate of left ventricular 
relaxation (6), In the present study, we investigated whether 
nonhomogeneous contraction-relaxation associated with or 
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longed (55 ± 7 versus 70 ± 10, 47 ± 11 versus 66 ± 
19, 36 ± 7 versus 53 ± 13 ms, respectively, p < 0.01 
vl-!rsus right atrial pacing), whereas the asymptote was 
unchanged in six normal subjects compared with the 
value duting right atrial pacing at each pacing rate. In 
seven patients with coronary artery disease, right ven-
tricular .,..cing at SO, 100 and 120 beats/min also produced 
an increase in the time constant, while the asymptote 
was unchanged. 
Thus, prolonglliion of the time constant of left ven-
tricular pressure decay may result from ventricular 
asynchrony even in the absence of myocardial ischemia. 
In contrast, the asymptote (extrapolated pressure at in-
finity of left ventricular pressure decay) may decrease 
during myocardial ischemia irrespective of ventricular 
asynchrony. The nature of left ventricular pressure de-
cay can be characterized not only by time constant but 
also by the asymptote. 
(J Am Coil CardioI1985;6:597-602) 
without myocardial ischemia influences the time constant 
by an exponential analysis and the asymptote, that is, ex-
trapolated pressure at infinity of left ventricular pressure 
decay (7). We used right atrial or right ventricular pacing 
to produce myocardial ischemia or ventricular asynchrony, 
or both, in patients with and without coronary artery disease. 
Methods 
Patients. This study consisted of two parts. In the first 
part, 26 patients (19 men and 7 women) with suspected 
coronary artery disease were studied during diagnostic car-
diac catheterization between October 1982 and November 
1983. Eighteen of these patients (average age 51 years) with 
a typical history of stable effort angina pectoris had signif-
icant stenosis (greater than 75% diameter narrowing) in at 
least one coronary artery (one with three vessel, eight with 
two vessel and nine with one vessel disease). Five patients 
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with prior infarction had mild regional wall motion abnor-
mality on the angiogram at rest. Eight subjects (average age 
52 years) with normal findings on coronary arteriography 
and left ventriculography served as control subjects. In the 
second part of our study, 13 patients (10 men and 3 women) 
were included. Data were collected from seven patients with 
coronary artery disease (one with three vessel, three with 
two vessel and three with one vessel disease) and six normal 
subjects. Five of the seven patients with coronary artery 
disease and prior infarction had mild regional wall motion 
abnormality on the angiogram at rest. All patients were in 
sinus rhythm. This study was performed at least 72 hours 
after cessation of treatment with beta-adrenergic blocking 
agents or calcium channel blockers and at least 12 hours 
after cessation of nitroglycerin therapy. Patients were ex-
cluded from this study if they had hypertension or valvular 
heart disease or required continuous beta-blocker therapy. 
Complete informed written consent was obtained from each 
patient, and no unfavorable complication occurred as a result 
of this study. 
Study protocol 1. Cardiac catheterization was per-
formed using the femoral approach with patients in a fasting 
state and without premedication, as previously reported in 
detail (6,8). Left ventricular pressure was recorded by a 
high fidelity micromanometer-tipped catheter (Millar In-
struments). The transducers were immersed in a 37°C water 
bath for 1 hour, balanced and electronically calibrated against 
a mercury manometer in the bath immediately before in-
sertion and after withdrawal of the catheter. During cath-
eterization, the transducers were checked for baseline drift 
by comparison with a Statham P23Db transducer connected 
to the pigtail catheter in the left ventricle. When necessary, 
we rebalanced the Millar transducers by removing the cath-
eter through the femoral artery with a catheter introducer 
during the study. Left ventriculography was performed with 
single plane 35 mm cineangiography in the right anterior 
oblique (30°) projection using an 8F pigtail catheter with 
cine film exposed at 60 frames/s (Philips Poly-Diagnost C). 
During the cineventriculographic study, high fidelity left 
ventricular pressure and its peak positive first derivative 
(dP/dt) were recorded at a paper speed of 250 mmls during 
held mid-inspiration and calculated with a computer system 
(Philips ACS). Thirty minutes after the control left ventric-
ulogram and pressure measurements, the right atrial pacing 
stress test was performed. The heart rate was increased with 
right atrial pacing by 20 beats/min every minute until a 
ventricular rate of 140 to 160 beats/min was obtained. Pac-
ing was continued at this constant rate for 5 minutes or until 
typical angina pectoris developed, at which time the pacing 
was discontinued. Repeated left ventriculography and pres-
sure measurements were then performed during the first 5 
to 10 beats in stable sinus rhythm. Coronary arteriography 
was then performed in all patients using the Judkins technique. 
Study protocol 2. Control left ventriculography with 
simultaneous measurement of pressure was initially per-
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formed in the baseline state during right atrial pacing at 80 
beats/min by using the same methods as in study protocol 
I. Left ventricular pressure measurements were obtained 
from seven patients with coronary artery disease and six 
normal subjects during right atrial pacing at 80, 100 and 
120 beats/min and right ventricular pacing at 80, 100 and 
120 beats/min. This sequential pacing protocol was contin-
ued at each rate for 3 minutes, and then pressure measure-
ments were performed during right atrial pacing and right 
ventricular pacing. In all cases the interval between pacing 
sequences was at least 3 minutes. In five of these patients, 
after pressure returned to baseline, left ventriculography and 
the pressure measurements were performed again during 
right ventricular pacing at 80 beats/min. None of these pa-
tients had pacing-induced angina accompanying ST segment 
changes on electrocardiogram or new regional wall con-
traction abnormality on the pacing left ventriculogram. 
Measurements and computation. A computer system 
(Philips L VV I 00) calculated volumes according to Simp-
son's rule. Patients with premature beats and postpremature 
beats were excluded from this study. All the analyses of the 
left ventriculogram were performed within the first three 
beats of the commencement of contrast agent injection (9). 
The angiographic ejection fraction was calculated according 
to the standard formula. Regional wall motion was examined 
by dividing the left ventricular silhouette into eight seg-
ments. Each regional area of shortening was calculated by 
the computer system. Pacing-induced regional wall motion 
abnormality was defined by changes in percent regional area 
of shortening (6). Left ventricular asynchronous contraction 
was quantitated with frame by frame angiographic area of 
each segment against time, as previously reported in detail 
(8). We calculated the time interval from end-diastole to 
minimal area in each segment. The average intersegment 
phase difference at the phase of end-systole, that is, the 
standard deviation of the time to minimal area from eight 
segments, was used as an index of asynchronous contraction 
and expressed as a percent of the mean time to minimal 
area. 
Estimation of time constant (index of left ventricular 
relaxation). The time constant was calculated with an on-
line microcomputer (Sanyo MBC 220) from the point of 
peak negative dP/dt to the time at which pressure decreased 
to the level of the left ventricular end-diastolic pressure of 
the preceding beat (2). The time constant was derived from 
an exponential curve fitting with a variable asymptote (7). 
Thus, pet) = aebt + c, where a = constant, e = the base 
of the natural logarithm, pet) = pressure at time, t = time 
after peak negative dP/dt, c = asymptote and time constant 
(Tc) = - lib, where b = constant. For each beat, the on-
line computer calculated the residual sum of squares, that 
is, the sum of the squares of the difference between observed 
pressures and predicted pressures, and the residual mean 
square which is calculated as the residual sum of squares 
divided by the number of points analyzed. The value of b 
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and the asymptote were defined as the residual mean square 
was minimized. In addition to the time constant Tc from a 
monoexponential model with a variable asymptote, the time 
constant Tw was calculated from a monoexponential model, 
the asymptote of which is zero, according to the original 
method of Weiss et al. (2). The time constant Tw was 
estimated as the negative reciprocal slope of the natural 
logarithm of pressure against time. Thus, pet) = aebt , where 
pet) = pressure at time and t = time after peak negative 
dP/dt. The value of b was estimated from the slope of In 
(pressure) against time by least squares regression. Time 
constant Tw = - lib. 
Statistical methods. Statistical analysis of the data was 
performed with Student's t test for paired and unpaired 
analysis, as appropriate. Values were expressed as mean ± 
SD and a probability of less than 0.05 was considered sig-
nificant. The application of a monoexponential model of 
pressure decay was tested by comparing the correlation coef-
ficients from In (pressure-asymptote) versus time plots in 
the two studies in patients with coronary artery disease. In 
study I, the correlation coefficient was 0.999 ± 0.0005 
during control period and 0.999 ± 0.001 immediately after 
right atrial pacing. There were no significant changes. In 
study 2, the correlation coefficient was 0.995 ± 0.0005 
during right atrial pacing at 80 beats/min and 0.991 ± 0.01 
during right ventricular pacing at 80 beats/min. There were 
no significant changes. 
Results 
Study J 
Table I summarizes the hemodynamic data during the 
control period and immediately after right atrial pacing in 
TAKEUCHI ET AL. 599 
TIME CONSTANT AND ASYMPTOTE 
normal subjects and patients with coronary artery disease. 
Normal subjects. Right atrial pacing was performed for 
5 minutes in each patient without development of chest pain 
in these normal subjects. Left ventricular systolic, minimal 
and end-diastolic pressures, end-diastolic and end-systolic 
volumes and ejection fraction were not significantly differ-
ent from values in the control period. The left ventriculo-
graphic findings remained normal after atrial pacing without 
development of regional wall motion abnormality and the 
index of asynchronous contraction remained unchanged. In 
addition, there were no significant changes in time constant 
Tw, time constant Tc or the asymptote. 
Patients with coronary artery disease. In patients with 
coronary artery disease who exhibited ischemic ST changes 
on the electrocardiogram and pacing-induced regional wall 
motion abnormality, the heart rate, left ventricular systolic 
pressure and peak positive dP/dt were unchanged. In con-
trast, left ventricular minimal and end-diastolic pressures 
and end-diastolic and end-systolic volumes all increased 
significantly, whereas ejection fraction decreased signifi-
cantly after right atrial pacing. The index of asynchronous 
contraction increased significantly. In addition, the time 
constant Tc was prolonged (from 64 ± 13 to 94 ± 17 ms, 
p < 0.001) and the asymptote decreased (from - 22 ± 10 
to -46 ± 20 mm Hg, p < 0.001). Time constant Tw was 
also prolonged significantly. 
Study 2 
Table 2 summarizes the results of hemodynamic mea-
surements during right atrial and ventricular pacing in nor-
mal subjects and patients with coronary artery disease. 
Normal subjects (Fig. 1). In six normal subjects, right 
ventricular pacing at 80 beats/min produced an increase in 
Table 1. Hemodynamic Data During Control Period and Immediate Post-pacing Beat 
Patients With Coronary 
NonnaI Subjects (n = 8) Artery Disease (n = 18) 
Control Post-pacing Control Post-pacing 
HR (beats/min) 62 ± 5 73 ± II 72 ± 14 76 ± 17 
LVSP (mm Hg) 135 ± 7 134 ± 8 139 ± 21 142 ± 19 
L VPmin (mm Hg) 0.3 ± 0.7 0.1 ± 0.4 2 ± 2 7 ± 5* 
L VEDP (mm Hg) II ± 3 II ± 2 14 ± 4 23 ± 6* 
LV(+)dP/dt 1,585 ± 368 1,673 ± 412 1,547 ± 1,607 1,607 ± 313 
(mm Hg/s) 
EDVI (mllm2) 85 ± 16 83 ± 13 89 ± 20 94 ± 19 
ESVI (ml/m2) 22 ± 5 20 ± 7 32 ± 10 43 ± 13* 
EF (%) 72 ± 4 75 ± 9 65 ± 6 54 ± 9* 
AI (%) 10 ± 3 8 ± 3 13 ± 5 19 ± 5* 
Tw (ms) 42 ± 6 40 ± 7 40 ± 6 50 ± 10* 
Tc (ms) 60 ± 21 61 ± 9 64 ± 13 94 ± 17t 
Asymptote (mm Hg) -21 ± 9 -21 ± 6 -22 ± 10 -46 ± 20t 
*p < 0.01, tp < 0.001 during control versus post-pacing period. Values are mean ± SD. Al = index of 
asynchronous contraction; EDVI = end-diastolic volume index; EF = ejection fraction; ESVI = end-systolic 
volume index; HR = heart rate; LVEDP = left ventricular end-diastolic pressure; L VPmin = left ventricular 
minimal pressure; L V( + )dP/dt = left ventricular peak positive dP/dt; LVSP = left ventricular systolic pressure; 
Tc = time constant from a monoexponential model with a variable asymptote; Tw = time constant from a 
monoexponential model, the asymptote of which is zero. 
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Table 2. Hemodynamic Data During Right Atrial Pacing and Right Ventricular Pacing 
Pacing Rate (beats/min) in Pacing Rate (beats/min) in Seven Patients 
Six Normal Subjects With Coronary Artery Disease 
80 100 120 80 110 120 
LVSP (mm Hg) RAP 140 ± 6 134 ± 15 123 ± 7 138 ± 19 137 ± 24 121 ± 25 
RVP 115 ± 16* 122 ± 19* 118 ± 8* 124 ± 33 117 ± 20* 107 ± 12* 
LVPmin (mm Hg) RAP 5 ± I 3 ± 4 ± I 4 ± 4 7 ± 6 7 ± 7 
RVP 5 ± 2 5 ± 4 ± 2 7 ± 4 8 ± 5 8 ± 6 
L VEDP (mm Hg) RAP 13 ± 9 ± 2 8 ± 2 II ± 4 II ± 7 9 ± 8 
RVP 12 ± I 12 ± 3 9 ± 2 13 ± 3 13 ± 6 II ± 6 
LV(+)dP/dt RAP 1,601 ± 137 1,876 ± 157 2,053 ± 234 1,394 ± 276 1,499 ± 255 1,498 ± 368 
(mm Hg/s) RVP 1,463 ± 205 1,691 ± 206 1,808 ± 219 1,219 ± 352 1,162 ± 235* 1,128 ± 145* 
Tw (ms) RAP 39 ± 2 33 ± 3 30 ± 3 39 ± 4 40 ± II 39 ± 14 
RVP 47 ± 4t 42 ± 4t 38 ± 3* 52 ± 4t 51 ± lOt 48 ± 13* 
Tc (ms) RAP 55 ± 7 47 ± II 36 ± 7 67 ± 8 59 ± 6 47 ± 5 
RVP 70 ± lOt 66 ± 19t 53 ± 13* 90 ± lOt 82 ± 19t 69 ± 15* 
Asymptote (mm Hg) RAP -13 ± 5 -II ± 7 -0.4 ± 4 -19 ± 9 -13 ± 7 -8 ± 5 
RVP -14 ± 5 -19 ± 15 -10 ± 9 -21 ± 10 -19 ± 13 -13 ± 12 
*p < 0.05, tp < 0.01, tp < 0.001 for right atrial pacing versus right ventricular pacing. Values are mean ± SO. RAP = right atrial pacing; RVP 
= right ventricular pacing; other abbreviations as in Table I. 
the time constant Tc from 55 ± 7 to 70 ± 10 ms and a 
decrease in left ventricular systolic pressure compared with 
values during right atrial pacing at 80 beats/min. Right ven-
tricular pacing at 100 beats/min produced an increase in the 
time constant Tc from 47 ± II to 66 ± 19 ms and a 
decrease in left ventricular systolic pressure compared with 
values during right atrial pacing at 100 beats/min. Right 
ventricular pacing at 120 beats/min produced an increase in 
the time constant Tc from 36 ± 7 to 53 ± 13 ms and a 
decrease in left ventricular systolic pressure compared with 
values during right atrial pacing at 120 beats/min. However, 
left ventricular minimal and end-diastolic pressures and peak 
positive dP/dt remained unchanged at each pacing rate. In 
addition, the asymptote remained unchanged. The time con-
stant Tw was also prolonged significantly at each right ven-
tricular pacing rate compared with the value during right 
atrial pacing. 
In five of these six normal subjects, left ventriculography 
was performed during right atrial and ventricular pacing at 
80 beats/min. End-diastolic volume decreased from 70 ± 
12 to 60 ± 11 mllm2 and end-systolic volume decreased 
from 22 ± 5 to 17 ± 7 mllm2; ejection fraction remained 
unchanged (72 ± 4 versus 75 ± 9%). In contrast, the in-
dex of asynchronous contraction increased from 5.2 ± 1 to 
10.1 ± 2% (p < 0.05). 
Patients with coronary artery disease (Fig. 2). In seven 
patients with coronary artery disease, right ventricular pac-
ing at 80 beats/min produced an increase in the time constant 
Tc from 67 ± 8 to 90 ± 10 ms compared with the value 
during right atrial pacing at 80 beats/min. Right ventricular 
pacing at 100 beats/min produced an increase in the time 
constant Tc from 59 ± 6 to 82 ± 19 ms and a decrease 
Figure 1. Top, Relation between the time constant Tc of left 
ventricular pressure decay and pacing rate during right atrial (RA) 
pacing and right ventricular (RV) pacing at 80, 100 and 120 beats/min 
in six normal subjects. Bottom, Relation between the asymptote 
of left ventricular pressure decay and pacing rate during right atrial 
pacing and right ventricular pacing at 80, 100 and 120 beats/min 
in six normal subjects. NS = not significant. 
100 
U- n 
2 RA pacing 
11> ~n ! RV pacing '" ..s 
0 mean±SD 
f-... :l: P(O.05 c: 50 !l :l::l: P(O.Ol 
'" :1(:1(% P(O.OOl c:
0 
vs RA pacing 0 
11> 
§ ... 
0 , , 80 100 120 
pacing rate (beats/min) 
10 
0 2 RA pacing 
"" :r ! RV pacing E .5 -10 ~ mean±SO 
E 
Q. 
E ,., -20 
'" ..
-30 
-40 , , , , 
80 100 120 
pacing rate (beats/min) 
JACC Vol. 6, No.3 
September 1985:597-602 
100 
l=-
t 50 
!l 
<II 
C 
o 
o 
Q) 
E . , 
'"' i 
10 
o 
- -10 
! 
~ a. 
E 
~ -20 
'" 
-30 
l 80 
-40 ! 80 
100 120 
pacing rate (beats/min) 
NS 
pacing rate (beats/min) 
2RA pacing 
tRY pacing 
mean±SD 
:I: P(O.05 
:1::1: P(O.Ol 
vs RA pacing 
2 RA pacing 
t RV pacing 
mean±SD 
Figure 2. Top, Relation between the time constant Tc and pacing 
rate during right atrial (RA) and right ventricular (RY) pacing at 
80, 100 and 120 beats/min in seven patients with coronary artery 
disease. Bottom, Relation between the asymptote and pacing rate 
during right atrial pacing and right ventricular pacing at 80, 100 
and 120 beats/min in seven patients with coronary artery disease. 
in peak positive dP/dt compared with values during right 
atrial pacing at the same rate. Right ventricular pacing at 
120 beats/min produced an increase in the time constant Tc 
from 47 ± 5 to 69 ± 15 ms and a decrease in peak positive 
dP/dt compared with values during right atrial pacing at 120 
beats/min. The asymptote remained unchanged at each pac-
ing rate. The time constant Tw was also prolonged signif-
icantly at each right ventricular pacing rate compared with 
right atrial pacing. 
Discussion 
Indexes of left ventricular relaxation rate. The time 
constant of left ventricular pressure decay during isovolumic 
relaxation has been shown by Weiss et al. (2) to be relatively 
independent of other indexes of cardiac performance. Taw 
et al. (10) suggested that the time constant was prolonged 
during myocardial ischemia. Mann et al. (11) reported that 
relaxation abnormalities occurred during angina pectoris in-
duced by atrial pacing. In these previous studies, the time 
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constant was calculated as a negative reciprocal slope of the 
natural logarithm of pressure against time (2-5,10, II). Mir-
sky (12) recommended that a time constant should not be 
based on a nonphysiologic reference pressure. However, 
Thompson et al. (7) suggested that an upward shift of the 
pressure-time course could result in prolongation of the time 
constant Tw even though the rate of left ventricular relax-
ation was not really changed. This semilogarithmic method 
of estimating the time constant of an exponential is valid 
only when the asymptote of the exponential is zero (7). 
Because pressure decay cannot be assumed to always de-
crease to a zero baseline pressure in human subjects (13), 
the time constant should be estimated by an exponential 
analysis method with a variable asymptote. 
Effects of ventricular asynchrony on the time con-
stant. Regional myocardial wall dynamics during acute 
ischemia have been studied extensively. Tyberg et al. (14), 
studying two papillary muscles in series, observed that in-
creasing asynchrony results in greater deterioration of peak 
tension. More recent experimental studies (15) have indi-
cated that ventricular dyssynchrony due to late systolic con-
traction in different regions can produce marked effects on 
the time constant of left ventricular pressure decay. As we 
also reported previously (6), this time constant was pro-
longed in patients with coronary artery disease and pacing-
induced regional wall motion abnormality, and its values 
were closely related to the severity of pacing-induced re-
gional wall motion abnormality. We postulated that regional 
wall motion abnormality may play an important role in 
altering left ventricular relaxation during acute ischemia in 
patients with coronary artery disease. In the present study, 
we demonstrated that the time constant of ventricular re-
laxation was prolonged and the index of asynchronous con-
traction was significantly increased in patients with coronary 
artery disease during pacing-induced anginal pain. Thus, an 
increase in time constant values observed in patients with 
acute regional myocardial ischemia could be related to dis-
sociation of the contraction-relaxation sequence. 
In addition, in normal subjects and patients with coronary 
artery disease, right ventricular pacing produced an increase 
in time constant compared with that during right atrial pacing 
at each pacing rate. Badke et al. (16) reported that a tem-
porally dispersed contraction-relaxation sequence is created 
by ventricular pacing. Thus, we produced asynchronous 
ventricular contraction-relaxation utilizing right ventricular 
pacing and found that ventricular asynchrony resulted in 
prolongation of the time constant of ventricular relaxation 
irrespective of myocardial ischemia. Blaustein and Gaasch 
(17) reported similar results in the canine ventricle, indi-
cating that a temporal disruption of ventricular contraction 
produced prolonged rates of pressure decay, although they 
did not estimate the time constant with a variable asymptote. 
Effects of ventricular asynchrony on the asymp-
tote. We also demonstrated that the asymptote (extrapo-
lated pressure at infinity of left ventricular pressure decay) 
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became significantly more negative in patients with pacing-
induced ischemia, while it remained unchanged during right 
ventricular pacing compared with right atrial pacing. Carroll 
et al. (13) reported that the asymptote increased significantly 
during exercise-induced ischemia and they concluded that 
an ischemia-related increase of left ventricular diastolic 
pressure is explained by both delayed relaxation and an 
upward pressure baseline shift. As shown in our study, left 
ventricular diastolic pressure increased, but the asymptote 
decreased during pacing-induced ischemia. Furthermore, the 
time constant tended to decrease and the asymptote tended 
to increase at the high pacing rate (Fig. I and 2). Thompson 
et al. (7) also reported that there was a positive correlation 
between the asymptote and heart rate. Therefore, the dis-
agreements among these studies may be due to differences 
in provocative means of inducing ischemia and heart rate. 
Thus, upward shift of the asymptote may not account for 
the increase in left ventricular diastolic pressure during myo-
cardial ischemia. Further study is necessary to elucidate the 
physiologic meaning of the asymptote of left ventricular 
pressure decay. 
Conclusions. Our results indicate that the prolongation 
of the time constant of left ventricular pressure decay may 
result from ventricular asynchrony even in the absence of 
myocardial ischemia. In contrast, the asymptote of left ven-
tricular pressure decay may decrease during ischemia with-
out relation to ventricular asynchrony. Thus, the nature of 
left ventricular pressure decay can be characterized not only 
by the time constant but also by the asymptote. The results 
of our study may have important implications in the analysis 
of myocardial relaxation by using the time constant in clin-
ical studies of patients with heart disease. Caution is advised 
in interpreting findings in an individual patient if the ef-
fects of ventricular asynchrony are not first taken into account. 
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